INTRODUCTION
Profitability in the livestock industry is driven by the efficiency of production characteristics such as the growth and development of offspring postpartum (Redmer et al., 2004) . The plane of nutrition available to the ewe during gestation has been shown to positively influence both udder development and subsequent lactation performance (Blair et al., 2010) , and the ability of the dam to produce milk for her offspring is a key driver of neonatal growth and development (Morgan et al., 2007) . Optimal maternal nutrition and subsequent fetal growth, as precursors of efficiency, are therefore critical in determining the profitability of meat and lamb production enterprises (Redmer et al., 2004) .
A robust correlation (>0.5) has been identified between lamb growth and ewe milk production for up to 28 and 56 d postpartum in twin and single suckling lambs, respectively (Snowder and Glimp, 1991) . During this time the lamb is dependent on milk as its sole source of nutrition, and according to De La Fuente et al. (2009) ABSTRACT: The present study was conducted to examine the effects of offering a single diet rationed to 80% (80% ME), 100% (100% ME), or 120% (120% ME) of recommended ME requirements from d 119 of gestation to lambing, with concurrent changes in other dietary nutrients. The effects on pre-and postpartum ewe performance, including estimated milk yield and milk fatty acid concentrations, were monitored. Sixty twin-bearing ewes were allocated to 1 of 3 dietary treatments (n = 20 per treatment) and individually fed for the final 4 wk of gestation. Metabolizable energy requirements were individually calculated for each ewe and amended according to treatment. Ewes were rationed daily on the basis of their treatment ME allocation, which led to concurrent alterations in other nutrient intakes. Diets were grass silage based and supplemented with concentrates to meet treatment ME allocation on an individual ewe basis. Ewes offered the 80% ME treatment had a lower liveweight (P = 0.04) and BCS (P = 0.03) at 24 h postpartum when compared with ewes offered the 120% ME diet. Although there was no difference in liveweight at either d 40 (P = 0.18) or 98 postpartum (P = 0.20), the difference in BCS persisted until d 40 postpartum (P = 0.02). Colostrum yield at 1 h postpartum (P = 0.03) and total yield up to 18 h postpartum (P = 0.04) was greater for ewes offered the 120% ME diet than either of the other treatment groups. Similarly, these ewes had a greater estimated milk yield during wk 3 of lactation (P = 0.04) and elevated concentrations of short-chain SFA (P = 0.02) and long-chain SFA (P ≤ 0.05) from wk 2 through 6 of lactation. In summary, the negative impact of applying a dietary insult to ewes in late gestation is reflected in colostrum and estimated milk yield and fatty acid composition, thus potentially influencing postpartum growth and development of the offspring.
are fat and protein. Therefore, the influence that specific dietary alterations to the dam have on milk composition and the subsequent production and physiological response in the growing lamb are of pivotal importance.
Therefore, our hypothesis stated that altering the plane of nutrition available to the ewe in late gestation would influence pre-and postpartum ewe performance. This study focused on the final 4 wk of gestation with the objectives to determine the impact on ewe liveweight and BCS and to investigate the milk production potential of the ewe from wk 2 to 6 of lactation, when ewes were allocated either a restricted or an excessive level of ME (AFRC, 1993 ; as amended by Robinson, 2002a ) from d 119 of gestation until lambing. Effects observed on late gestational offspring development and postpartum performance are reported in a companion paper (McGovern et al., in press ).
MATERIALS AND METHODS
All procedures performed as part of this study were conducted under experimental license from the Irish Department of Health in accordance with the Cruelty to Animals Act 1876 (Cruelty to Animals Act. 1876; European Communities 1994). This study was conducted at University College Dublin, Lyons Research Farm, Newcastle, County Dublin.
Animal Management
Three hundred thirty ewes, of mixed breed, were estrus synchronized on October 15, 2012, using intervaginal progestogen pessaries (Chronogest and Folligon; Intervet Ireland, Ltd., Dublin, Ireland) . Pessaries were inserted on d -14 before gestation and remained in place for 12 d. Following removal, on d -2 before gestation, ewes received an intramuscular injection of 500 IU pregnant mare serum gonadotrophin(Chronogest and Folligon; Intervet Ireland, Ltd.). Ewes were then individually inseminated, 48 h after sponge removal, with fresh diluted semen at a rate of 20 million spermatozoa per uterine horn, using laparoscopic AI. Semen from rams from a range of breeds including Belclare, Charolais, Rouge L'ouest, Suffolk, Texel, and Vendeen were used, and semen was inseminated within 2 h of collection.
After insemination, the ewes remained outdoors where they were offered a grazed grass-only diet until December 1, 2012, when they began in situ strip grazing of forage rape (variety Hudson). On d 67 after AI, all ewes were group housed in straw-bedded pens and offered a diet of grass silage ad libitum only. Ewes were pregnancy scanned and shorn on d 74 and 91 after AI, respectively.
Six weeks before the mean predicted lambing date (March 11, 2014), 60 mature twin-bearing ewes were selected for this study and were randomly allocated to 1 of 3 nutritional treatments (n = 20 per treatment). Before treatment allocation, ewes were blocked on the basis of BW (79.2 ± 1.87 kg) and balanced for BCS, age (mean = 3.3 BCS [SEM 0.06] and mean = 3 yr [SEM 0.84], respectively), and breed. Body condition score assessments were made by a trained technician and ewes were scored on a scale of 0 to 5 according to Russel (1984) .
Nutritional Treatments
Ewes were allocated to 1 of 3 nutritional treatments based on the Agricultural and Food Research Council (1993) as amended by Robinson et al. (2002a) as follows: 1) 80% of predicted ME requirement; 2) 100% of predicted ME requirement; and 3) 120% of predicted ME requirement. As ME allocation changed, there were concurrent changes in other nutrient intakes in accordance with treatment. Daily silage allowance was determined after the weighing of refusals and calculation of the previous day's intake. When silage intake failed to meet ME requirements, ewes were offered concentrates to ensure they met their required daily ME allocation. From d 133 through 149 of gestation, all ewes were restricted to receive 75% of their ME requirement from silage and 25% from concentrate. The same procedure remained in place from d 140 through 147 for ewes allocated to the 100 and 120% ME treatments; however, ewes allocated to the 80% treatment were restricted to receive 50% of their ME requirement from silage and 50% from concentrate. This was done to ensure that ewes received adequate levels of rumen bypass protein for the final 2 wk of gestation. Overall, this resulted in ewes allocated to the 80% ME treatment having approximately a 20 ± 2% lower intake and ewes offered the 120% ME treatment having a 20 ± 2% greater intake of nutrients, namely CP, NDF, ADF, ADL, crude fiber, and GE, when compared with those allocated to the 100% ME treatment, with the exception of ewes allocated to the 80% ME diet, which had a CP intake 14.5% lower than those allocated to the 100% ME treatment.
On d 119 of gestation, ewes were housed in individual pens measuring 1.1 by 1.4 m. Thirty-three ewes were penned on wooden slats and the remaining 27 ewes were penned on expanded metal slats with floor type balanced across treatment.
Feeding
Metabolizable energy requirements, based on those outlined by the Agricultural and Food Research Council technical committee (AFRC, 1993 ; and amended by Robinson et al., 2002a) , were calculated individually for each ewe as follows:
Total energy requirement = maintenance + fetal requirements,
Energy content of the gravid fetus (E t ) = log10(E t ) = 3.322 -4.979 -0.00643t , and
Daily energy retention in the fetus (
in which F = fasting metabolism, A = the activity allowance of the animal, K m = the efficiency factor for the utilization of ME for maintenance, K c = the efficiency of energy utilization for conceptus gain, t = the number of days from conception, and W o = the total expected litter weight at birth (kg). The Agricultural and Food Research Council equation for fetal energy requirement was amended according to Robinson et al. (2002a) , to account for the efficiency of energy utilization for conceptus gain (K c ). The initial BW of the ewe, recorded at the beginning of the study, and the total expected litter weight (10 kg; Boland et al., 2006) were used as constants in the calculation of the ME requirement for the duration of the feeding period, and individual requirements were revised on a weekly basis to allow for the increasing fetal energy demands as gestation progressed. Once calculated, the requirements were amended according to specific treatment allocation.
Silage was harvested in May 2012 using a precision chop harvester after a 24-h wilt. No additive was used in the preservation of the silage, which was predominantly perennial ryegrass based. At 0730 h each day, silage refusals were removed and individually weighed for each ewe before fresh silage was offered. Concentrate quantity offered varied depending on treatment, stage of gestation, and the predicted energy requirement of each individual ewe. Concentrates were offered daily at 0900 h or twice daily at 0900 and 1700 h in equal allocations when daily allocation exceeded 500 g (fresh weight) per ewe. For the initial week of feeding, ewes received a 14% CP concentrate comprising 40% barley, 36% beet pulp nuts, and 20% distillers dried grain, on a DM basis. For the final 3 wk of feeding, an 18% CP concentrate was fed, which comprised 40% barley, 22% beet pulp nuts, 20% distillers dried grains, and 14% soya bean meal, on a DM basis. Both concentrates offered contained 2% minerals and 2% cane molasses. The chemical composition of feedstuffs offered is outlined in Table 1 . Representative samples of both silage and concentrate were taken each morning and frozen at -20°C, before being pooled by week, giving 4 silage and 4 concentrate samples for determination of proximate analysis.
Ewes had continuous access to clean, fresh drinking water at all times. Due to adverse weather conditions and the lack of grass growth in the early postpartum period (average pregrazing herbage mass of 836, 515, and 390 kg DM/ha for wk 1-3 postpartum, respectively), the ewes remained housed in group pens of 20 ewes plus their lambs for the first 3 wk postpartum. During this time, ewes received grass silage ad libitum plus 1 kg of concentrates (Geenty and Sykes, 1986) , until turnout to a perennial rye-grass pasture. Following turnout on d 21, postpartum concentrate supplementation continued at a rate of 1 kg·ewe -1 d -1 until d 42 postpartum.
Ewe Measurements
Ewes were weighed on an electronic scale (Prattley, Temuka, New Zealand) and BW was electronically recorded (Tru-Test Group, Auckland, New Zealand) at 24 h postpartum, once per week from wk 2 through 7 of lactation, and on d 98 postpartum. Ewes were assessed for BCS on d 144 of gestation, once per week from wk 2 through 7 postpartum, and on d 98 postpartum.
A 10-mL plasma blood sample was collected from all ewes at 24 h postpartum via jugular venipuncture using heparinized vacutainers (reference number 367526; Becton, Dickinson and Company, Plymouth, UK). Blood samples were immediately placed on ice and centrifuged at 1,800 × g for 15 min at 4°C, after which the plasma was pipetted into pour-off tubes and frozen at -20°C until further analysis.
Lambing and Behavioral Data
All ewes lambed down in their individual pens where they remained with their lambs until 24 h postpartum. At lambing, 1 ewe in the 120% ME treatment gave birth to a single lamb and a second ewe was a first repeat. Both ewes were removed from the study at this point, equating to a lambing rate of 2, 2, and 1.95 for the 80, 100, and 120% ME treatments, respectively. Immediately after the birth of the first lamb, an udder cover was placed on the ewe to prevent suckling and remained in place for the first 24 h postpartum. Behavioral data, namely the interval between the birth of littermates, the length of time after lambing it took the ewe to begin grooming the first born lamb, and the length of time after lambing it took the ewe to begin grooming the second born lamb, were recorded. The definitions of behaviors recorded are similar to those outlined by Dwyer et al. (2004) . Within the first hour after lambing and after all ewe behavior parameters had been quantified, the navel of each lamb was dipped in a 10% iodine solution, to aid in the control of erysipelas polyarthritis ("joint-ill"). Lambs were weighed and time of birth, birth weight, sex, and the level of assistance required by the ewe at lambing (referred to hereafter as lambing difficulty) were recorded for each lamb. Lambing difficulty was assessed using a score between 1 and 4 where 1 referred to a natural unassisted lambing and 4 referred to a caesarean section. The time of birth of the first lamb was used to calculate the gestation length of the ewe. At 1 h postpartum, a subset of 10 lambs per treatment were euthanized and various organs were harvested and weighed (data reported in a companion paper: McGovern et al., in press). All lambs selected for euthanasia were female and had an average birth weight of 4.64 ± 0.594 kg. This resulted in 10 ewes per treatment rearing twin lambs and 10 ewes per treatment rearing single lambs.
Hand Milking
All ewes were hand milked at 1, 10, and 18 h postpartum as described by Crosby et al. (2004) . Total volume was recorded after each milking and the total volume produced up to 18 h postpartum was calculated. A 25-mL colostrum sample was taken at the 1-h milking and frozen at -20°C until required for further analysis to determine the total solids, CP, and fatty acid content. Following sample collection, lambs were fed colostrum from their dam via a stomach tube.
Ewe Estimated Milk Yield
The daily milk yield of the ewe was estimated by calculating the daily milk consumption of the lamb using the following equation by Robinson et al. (1969) :
in which M = the predicted daily milk consumption of the lamb, W = BW of the lamb (kg), and I = BW change of the lamb (g/d).
Where the ewe was rearing twins, the average weight and BW change of both lambs was used. In conjunction, a 25-mL milk sample was collected from each ewe once weekly, for 5 wk, and frozen at -20°C until required for further analysis to determine the total solid, CP, and fatty acid content of each ewe's milk. Once per week, the ewes were hand striped, where milk was collected from each side of the udder before being pooled to give a final weekly sample for analysis.
Chemical Analysis
The DM content (g/kg) of the concentrate and grass silage was determined by drying the samples at 55°C for 72 h in a ventilated oven with forced-air circulation. Nitrogen content (g/kg DM) of the silage and concentrate was determined using a LECO FP 528 instrument (Leco Instruments, UK, Ltd., Stockport, UK) according to the method of Dumas (method number 990.03; AOAC, 1990) . The nitrogen concentration of the concentrate and grass silage was multiplied by 6.25 to determine CP concentrations as per Kjeldahl (1883) . Feed samples were analyzed for NDF with and without a heat-stable amylase for concentrate and grass silage samples, respectively, and without sodium sulfite for both feeds. Neutral detergent fiber, ADF, and ADL were expressed inclusive of residual ash, and the final concentrations (g/kg DM) of feedstuffs were determined by the method of Van Soest et al. (1991) using an ANKOM 200 Fiber Analyzer (ANKOM TECHNOLOGY, Macedon, New York). Ash concentrations (g/kg DM) of feedstuffs were determined by complete combustion in a muffle furnace at 550°C for 4 h. The GE concentration (MJ/kg DM) of the silage and concentrate was determined using bomb calorimetry (Parr 1281 bomb calorimeter; Parr Instrument Company, Moline, IL) according to the method outlined by Porter (1992) , and the ME concentration (MJ/kg DM) was calculated using the following equation from Sauvant et al. (2004) : 100 ME/DE = 86.38 -0.099 CFo (crude fiber in percentage of organic matter) -0.196 CPo (crude protein in percentage of organic matter). Ether extract concentrations (g/kg DM) of feedstuffs were determined using light petroleum ether and Soxtec instrumentation (Tecator, Hillerod, Sweden). The concentration of starch in the concentrates was determined using the Megazyme total starch assay procedure (method number 996.11; AOAC, 1990; Megazyme, Bray, Co. Wicklow, Ireland) .
Ewe plasma was analyzed for β-hydroxybutyrate (βHB; mmol/L), glucose (mmol/L), NEFA (mmol/L), urea (mmol/L), and total protein (g/L) content. Total plasma glucose concentration was determined using the hexokinase method (catalog number AAU706; Glenbio Ltd., Toomebridge, Co. Antrim, UK), total plasma urea concentration was determined using the kinetic method (catalog number AAU802; Glenbio Ltd.), plasma total protein concentration was determined using the biuret method (catalog number AAU306; Glenbio Ltd.), and total plasma NEFA concentration was determined using the colorimetric method (catalog number FA115; Randox Laboratories, Crumlin, Co. Antrim, UK). All analysis was performed using a Beckman Coulter AU 400 clinical analyzer (Beckman Coulter, Inc., Lismeehan, Co. Clare, Ireland) following the specific manufacturer's instructions.
Colostrum and Milk Analysis
The nitrogen content (g/kg DM) of the colostrum and weekly milk samples was determined using a LECO FP 528 instrument (Leco Instruments, UK, Ltd., Stockport, UK) according to the method of Dumas (method number 990.03; AOAC, 1990) . The nitrogen concentration in the colostrum and milk was multiplied by 6.38 to determine CP concentrations as per Kjeldahl (1883) . The total solid (g/L) content of the colostrum and weekly milk samples was determined using a direct forced-air method where 3 mL of colostrum and/or milk were placed in an oven for 4 h at 100°C (Clark et al., 1988) .
To determine colostrum and milk fatty acid composition, samples from the 1-h milking after lambing and weekly milk samples from wk 2 through 6 of lactation were centrifuged at 978 × g for 20 min at 4°C before the cream was extracted and stored at -20°C overnight. The following morning, samples were warmed to 40°C and centrifuged at 978 × g for 10 min at 30°C. The extracted fat was then stored at -20°C until fatty acid analysis. The fatty acid composition of both the colostrum and milk fat was analyzed by gas chromatography by using an adaptation of the method of Christie (1982) . Approximately 20 μL of milk fat was dissolved in dried n-hexane. Methyl acetate (20 μL) and 1 M sodium methoxide in anhydrous methanol (20 μL) were added after neutralization with a saturated solution of oxalic acid in methanol (30 μL). After centrifugation, an aliquot of the upper layer was taken for analysis by gas chromatography. Samples were injected by autosampler on a Varian GC 3800 instrument (Agilent Technologies, Little Island, Co. Cork, Ireland) equipped with a flame-ionization detector. The fatty acid methyl esters (injected using a 10:1 split ratio) were separated on a fused-silica capillary column (100 m by 0.25 mm i.d. by 0.39-μm film thickness; Varian Fame Select CP 7420; Varian Inc.). The injector temperature was held at 225°C, and the detector temperature was held at 300°C. The initial oven temperature was 80°C (held for 8 min) and increased to 200°C at a rate of 8.5°C/min (held for 45 min). Nitrogen was used as a carrier gas. The pressure of the column was held at 179 kPa (held for 8 min) and then increased to 283 kPa at a rate of 6 kPa/min (held for 45 min).
Statistical Analysis
Data were analyzed as a completely randomized block design using the mixed model procedure in SAS (version 9.4; SAS Inst. Inc., Cary, NC). Individual ewe was the experimental unit for all parameters analyzed. Data distributions were analyzed to fit the assumptions of normality using the UNIVARIATE procedure. The data were tested for the linear and quadratic effects of energy inclusion in the diet using the general linear model procedure. Where a significant linear effect was present (P ≤ 0.05), the R 2 value is reported in the text in conjunction with the associated P-value. Quadratic effects were nonsignificant (P > 0.05) and, therefore, are not reported.
The fixed effects of treatment, time (as the repeated constant), breed, rearing rank (for parameters measured postpartum), and the 2-way interaction of dam nutritional treatment × time were included in the model. Effects were removed from the final model in the model if the P-value was <0.25. A repeated measure analysis was performed on ewe BW and BCS data. The repeated measures were fit using variance-covariance structures; the most appropriate (lowest Bayesian information criterion values) was used for each analysis. In the analysis of the fatty acid data, the results for the SFA, shortchain SFA (SCSFA), medium-chain SFA (MCSFA), long-chain SFA (LCSFA), MUFA, and PUFA were compiled based on the fatty acid results recorded after gas chromatography and before statistical analysis. All data presented in the tables are expressed as least squares means ± SEM. The probability value, which denotes statistical significance, was P ≤ 0.05, and values tending toward significance were 0.05 < P > 0.10.
RESULTS

Ewe Feed Intake
All nutrient intake parameters increased linearly with increased ME allocation (P < 0.01) from d 126 through 147 of gestation. The effect of treatment on DM and specific nutrient intakes from d 119 through 147 of gestation is shown in Table 2 . Ewes offered the 80% ME diet had persistently lower ME intakes (P = 0.01) than those offered the 100 and 120% ME diets prepartum. Ewes offered 120% ME had an increased average (P = 0.01) ME intake over the 4 wk period when compared with those offered the 100 or 80% ME diets (11.7 ± 0.13 vs. 14.6 ± 0.13 vs. 17.5 ± 0.13 MJ ME/kg DM d -1).
Ewe Liveweight and BCS
The effect of treatment on ewe BW, BCS, and BCS change over the course of the experiment is shown in Fig. 1a and Fig. 1b , respectively. There were linear increases in ewe BW at lambing (R2 = 0.99, P = 0.01) and late gestation BCS (R2 = 0.84, P = 0.03) in response to ME allocation. Ewes offered the 120% ME diet were heavier at 24 h postpartum than ewes offered the 80% ME diet (P = 0.04); however, this observed difference in BW was not present at d 40 (P = 0.18) or 98 postpartum (P = 0.20). Ewes offered the 120% ME diet had a greater BCS than ewes offered the 80 and 100% ME diets on d 144 of gestation (P = 0.03). By d 40 postpartum, the BCS of ewes offered the 120% ME diet remained greater than ewes offered the 80% ME diet (P = 0.02). However, between d 40 and 98 postpartum, ewes offered the 80% ME diet gained more body condition (+0.32 BCS units) when compared with the 100% ME group (P = 0.03).
Lambing and Behavior Data
The combined litter weight of lambs at birth was unaffected by dam nutritional treatment (P = 0.62) at 9.65 ± 0.307, 9.65 ± 0.307, and 9.93 ± 0.307 kg for the 80, 100, and 120% ME treatments, respectively. Similarly, there was no effect of treatment observed on the gestation length, the mean of which ranged from 147.48 ± 0.397 to 147.70 ± 0.397 d, or lambing difficulty (P = 0.89). In addition, there was no effect of dam nutritional treatment on any of the 3 ewe behavioral data parameters measured after lambing (P ≥ 0.33; Table 3 ).
Blood Metabolite Concentration
There was no effect of treatment on ewe plasma βHB (P = 0.37; Table 4), glucose (P = 0.22), NEFA (P = 0.35), or plasma total protein (P = 0.35) concentrations at 24 h postpartum. However, there was an effect of treatment on ewe plasma urea concentration on at 24 h postpartum where ewes offered the 80% ME diet tended to have a greater plasma urea concentration (P = 0.07) than those offered 100% ME.
Colostrum Data
There was a positive linear relationship between colostrum yield at 1 h postpartum and the level of ME offered to the ewe prepartum (R 2 = 0.31, P = 0.01), which resulted in a greater (P = 0.02; Table 5 ) colostrum yield at 1 h postpartum for ewes offered 120% ME. Treatment had no effect on colostrum yield at either 10 (P = 0.89) or 18 h (P = 0.56) postpartum (P > 0.05). Ewes offered the 120% ME diet produced more colostrum up to 18 h postpartum relative to the other dietary treatments (P = 0.03).
Prepartum dietary treatment had no effect on the CP or total solid concentrations in colostrum (P ≥ 0.39). The percentage of each fatty acid, expressed as a percentage of the total fatty acid in colostrum, is presented in Table 6 . An increase in the percentage of SFA and MCSFA was observed in ewes offered the 120% ME treatment (P = 0.01), and there also tended to be a greater percentage of SCSFA in the colostrum of these ewes when compared with ewes offered the 80% ME diet (P = 0.08). Ewes offered 100 and 120% ME had a greater percentage of C16:1 in their colostrum (P = 0.05) whereas ewes offered the 100% ME diet had a lower percentage of C20:1 relative to the other treatment groups (P = 0.02).
Lactation Data
The effect of the prepartum dietary treatment on the mean percentage of fatty acid, expressed as a percentage of total fatty acid, over wk 2 through 6 of lactation is shown in Table 7 . Ewes offered the 120% ME diet had a greater estimated milk yield (P = 0.04; Fig. 2 ) during wk 3 of lactation when compared with ewes offered the 80 or 100% ME diets prepartum (mean = 2.41 L [SEM 0.148], c-e Within a row, means without a common superscript differ (P ≤ 0.01). mean = 2.51 L [SEM 0.128], and mean = 2.77 L [SEM 0.140] for the 80, 100, and 120% ME diets, respectively). Differences were observed between ewes rearing singletons and ewes rearing twins during, with ewes rearing twins having greater estimated milk yields (P = 0.01) than those rearing singles (2.90 ± 0.056 vs. 2.30 ± 0.056 L). There was no effect of dam nutritional treatment (P = 0.88) on CP and total solid concentrations during wk 2 to 6 of lactation; however, there was an overall effect of number of lambs suckled (P = 0.04), with milk produced by ewes rearing single lambs having consistently greater CP (54.2 ± 1.00 vs. 52.2 ± 1.00 g/L) and total solid concentrations (202.1 ± 4.79 vs. 180.0 ± 4.79 g/L) than ewes rearing twin lambs from wk 2 to 6 of lactation. Ewes offered the 80% ME treatment had a greater percentage of the SFA C4:0, C6:0, C8:0, and C10:0 when compared with ewes offered the 120% ME diet (P = 0.01), leading to an increase in SCSFA among these ewes (P = 0.02). Lower percentages of C12:0, C14:0, C16:0, SFA, and MCSFA were recorded for ewes offered the 100% ME treatment relative to the other treatment groups. The percentage of C18:0, C20:0, and LCSFA were greater in milk from ewes offered the 120% ME treatment when compared with the other 2 treatment groups (P = 0.01). In addition, ewes offered the 120% ME diet had a greater percentage of all of the C20:0 fatty acid and their variants measured except for C20:4n-6 (arachidonic acid methyl ester) when compared with the fatty acid profile of ewes offered the 80% ME treatment (P ≤ 0.05). The percentages of MUFA (P = 0.02) and PUFA (P = 0.04) were greatest in the milk of ewes fed 120% ME in the prepartum period.
DISCUSSION
The treatments applied in the present study demonstrate that altering the energy nutrition of the ewe manipulates her colostrum and milk production potential and fatty acid composition, leading us to accept the hypothesis that altering ewe nutrition for the final 4 wk of gestation can improve ewe performance in both the pre-and the postpartum period. This is an important finding as in sheep production systems, where animals are housed during late gestation and pastured in the postpartum period, production benefits may be obtained by increasing the plane of nutrition in the late gestational period.
Feed costs during late gestation represent a major cost in sheep production, with concentrates accounting for 27% of total annual variable costs in a mid-March lambing flock (Dawson et al., 2005) . Controlling these costs is an important consideration in farm profitability. Previous studies found that nutrition during late gestation may have major impacts on fetal weight, lamb vigor, colostrum production, and ewe body reserves, all of which influence subsequent lamb growth rate, weaning rate, and weaning weight (Boland et al., 2005; Caldeira et al., 2007; Kenyon et al., 2011b) . Therefore, a balance between cost control and the optimization of animal performance is essential.
Despite the observed difference in DM intake and, subsequently, the GE and ME intake of the ewes throughout the final 4 wk of gestation, no difference Treatments: 80 (80% ME), 100 (100% ME), or 120% (120% ME) of metabolic energy requirements according to the Agricultural and Food Research Council (1993) and amended by Robinson et al. (2002a) . An asterisk (*) indicates a significant difference between 80 and 120% ME at 24 h postpartum (P = 0.04). Least squares means ± SEM are presented. (b) The effect of prepartum energy treatment on ewe BCS. Treatments: 80 (80% ME), 100 (100% ME), or 120% (120% ME) of metabolic energy requirements according to the Agricultural and Food Research Council (1993) and amended by Robinson et al. (2002a) . Asterisk (*) indicates significant difference between 100 and 120% ME on d 144 of gestation (P = 0.03) and between 80 and 120% ME on d 144 of gestation (P = 0.03) and d 40 postpartum (P = 0.03). Least squares means ± SEM are presented. in combined litter weight was observed. In the present study, a significantly lower BCS was observed in ewes offered the 80% ME treatment in late gestation and at d 40 postpartum. This greater body reserve mobilization during the late gestation and early postpartum period (0.31 BCS units lighter than ewes allocated to the 120% ME diet at d 40 postpartum) appears to have adequately compensated for the short-term reduction in energy intake in terms of maintaining lamb birth weight (Caldeira et al., 2007) . However, Kenyon et al. (2011a) demonstrated that increasing the period of nutritional restriction has a more pronounced effect on lamb birth weight due to the inability of the ewe to compensate via the mobilization of body fat reserves. Glucose is one of the most important metabolites regulating fetal growth (Bell and Bauman, 1997) . It plays a primary role in the provision of fuel for fetal tissue oxidation with fetal glucose requirements markedly increasing throughout mid to late gestation (Morriss et al., 1974; Bell and Bauman, 1997) , when 70% of fetal growth occurs (Robinson et al., 1977) . The ovine fetus cannot make use of lipid substrates mobilized by the ewe (Tygesen et al., 2008) ; however, the breakdown of body fat reserves during periods of nutrient restriction enables the dam to conserve her utilization of glucose for consumption by the developing fetus, thus maintaining fetal growth (Bell, 1995; Tygesen et al., 2008) . This is supported by the consistent ewe plasma glucose concentrations observed at 24 h postpartum across treatments in the current study, indicating that the ewe and, subsequently, fetal development were not compromised by glucose inadequacy.
The mobilization of body fat reserves is indicated by elevated plasma concentrations of NEFA and βHB (Robinson et al., 2002b) . In previous studies (Corner et al., 2008; Tygesen et al., 2008; Álvarez-Rodríguez et al., 2012) where ewes received a restricted plane of nutrition during late gestation, increasing plasma NEFA concentrations were observed in conjunction with a decline in BCS. Therefore, in the present study, the lack of difference in ewe plasma NEFA concentrations was unexpected. According to Russel (1984) , a plasma βHB concentration below 0.8 mmol/L constitutes an adequate level of feeding and concentrations above 1.00 mmol/L indicate body fat mobilization (Morgante, 2004) . In the present study, plasma βHB concentrations below 0.8 mmol/L were observed across all treatments at 24 h postpartum, therefore indicating an adequate level of feeding and minimal body fat mobilization, despite the greater reduction in BCS observed. This marked loss of BCS among the 80% ME ewes could, therefore, be a succession of the greater BW loss encountered rather than excessive fat mobilization (Kenyon et al., 2014) .
The catabolism of nitrogen compounds leads to an increased production of ammonia (Säkkinen et al., 2001) , which is converted to urea in the liver (Lobley et al., 1995) . In the present study, ewes that had a restricted nutrient intake (80% ME) received metabolizable protein in excess of requirement (AFRC, 1993) . The average metabolizable protein requirement of an 80-kg ewe in the final week of gestation is 137 g/d (AFRC, 1993) ; however, in the present study, ewes had average CP intakes of 148, 175, and 211 g DM/d for the 80, 100, and 120% ME treatments, respectively. Supplementation of the dam with excess CP or metabolisable protein in late gestation has been associated with a maintenance of or increase in both BW and BCS (Stalker et al., 2006; Van Emon et al., 2014) . However, in the present study, a decline in both BW and BCS was observed among ewes fed a restricted level of ME (80% ME) despite receiving CP in excess of x,y Within a row, means without a common superscript have a tendency toward difference (P < 0.1).
1 80 (80% ME), 100 (100% ME), or 120% (120% ME) of metabolic energy requirements (AFRC, 1993; as amended by Robinson et al. 2002a ). Table 5 . The effect of prepartum energy treatment on colostrum yield, CP, total solid concentration, and lamb colostrum intake per kilogram birth weight and the serum IgG concentration of the progeny at 24 h postpartum (least squares means ± SEM) Parameter Treatment 1 SEM P-value 80% ME 100% ME 120% ME c-e Within a row, means without a common superscript differ (P ≤ 0.01).
1 80 (80% ME), 100 (100% ME), or 120% (120% ME) of metabolic energy requirements (AFRC, 1993 ; as amended by Robinson et al. 2002a) .
2 Sum of C4:0, C6:0, C8:0, C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, C21:0, C22:0, and C24:0.
3 SCSFA = short-chain SFA: sum of C4:0, C6:0, C8:0, and C10:0.
4 MCSFA = medium-chain SFA: sum of C12:0, C14:0, and C15:0.
5 LCSFA = long-chain SFA: sum of C16:0, C17:0, C18:0, C20:0, C21:0, C22:0, and C24:0.
6 C14:1, C15:1, C16:1, C17:1, C18:1, C18:1 9c, C20:1, and C24:1.
7 Sum of C18:2n-6t, C18:2n-6c, C18:3n-6, C18:3n-3, C20:2, C20:3n-6, C20:4n-6, C20:5, and C22:6. 8 C14:1/(C14:0 + C14:1). c-e Within a row, means without a common superscript differ (P ≤ 0.01).
1 80 (80% ME), 100 (100% ME), or 120% (120% ME) of metabolic energy requirements (AFRC, 1993; as amended by Robinson et al. 2002a) .
2 Sum of C4:0, C6:0, C8:0, C10:0, C12:0, C13:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, C21:0, C22:0, and C24:0.
4 MCSFA = medium-chain SFA: sum of C12:0, C13:0, C14:0, and C15:0.
7 Sum of C18:2n-6t, C18:2n-6c, C18:3n-6, C18:3n-3, C20:2, C20:3n-6, C20:4n-6, C20:5, and C22:6. 8 C14:1/(C14:0 + C14:1).
requirements. This highlights that the effects seen in the present study are a result of the alteration in energy intake by the ewe during the late gestation period. This excess protein intake likely helped to ameliorate the reduction in energy intake, through the utilization of protein for the production of VFA in the rumen and the promotion of urea recycling to meet the individual ewes' protein requirements (Russell et al., 1992) . The use of urea as a nitrogen source has previously been correlated with an increase in plasma urea concentrations at 24 h postpartum (Robinson, 1990) . This is in agreement with findings from the present study. In contrast, it could be hypothesized that the opposite effect was observed when ewes were overfed (120% ME) during the final month of gestation. The excess protein intake by these ewes in conjunction with their elevated energy intake led to the partitioning of dietary energy for nitrogen excretion (Pacheco and Waghorn, 2008) rather than the promotion of fetal growth.
Colostrum and subsequent milk production are particularly sensitive to periods of undernutrition, with 70% of udder development occurring during the final 4 wk of gestation (Mellor and Murray, 1985) . According to Bell and Bauman (1997) , lactose is the primary osmotic determinant of milk yield. Therefore, energy consumption in late gestation is positively correlated to lactation performance through the provision of glucose to the diet and its subsequent role in the synthesis of lactose, thus governing overall milk yield. In order for the lactating animal to prevent the onset of ketoacidotic syndromes, for example, lactation ketosis, the body has been shown to adapt itself to periods of nutrient restriction through mobilizing body reserves, usually laid down during the final weeks of gestation (Bell and Bauman, 1997) .
The decline in colostrum yield at 1 h postpartum in ewes fed the restricted-energy diet (80% ME) may be a consequence of the decreased CP intake by these ewes (O'Doherty and Crosby, 1997); however, Banchero et al. (2015) found that energy supply in the final week of gestation is one of the primary drivers of colostrum yield. Similarly, the total colostrum yield to 18 h postpartum was negatively affected by ME intake in the present study, with the volume of colostrum produced declining as ewes were fed restricted levels of ME in the prepartum period (O'Doherty and Crosby, 1996; Tygesen et al., 2008) . Previous authors have stated that this negative impact on udder development, specifically udder size and weight, can result in carryover effects on the milk production potential of the ewe throughout lactation (Robinson and Forbes, 1968; Louca et al., 1974; Peart et al., 1979; Mellor et al., 1987; Al-Jassim et al., 1999) . This decline in both colostrum and milk yield, seen in ewes fed the restricted energy treatment in the present study, stems from the competition in demand for nutrients between the growing fetus and the mammary gland, where maximal growth and differentiation of alveolar epithelial cells is taking place (Swanson et al., 2008) .
According to Wilson et al. (1983) , differences in ewe milk production may be more related to differences in metabolism and nutrient partioning during lactation rather than a physiological difference in the mammary gland itself. Therefore, the catch-up growth observed in ewes allocated to the 80% ME treatment between d 40 and 98 postpartum (Fig. 1b) may have hampered milk production potential due to the diversion of nutrients toward the laying down of body reserves. Importantly, it must be noted that pen rearing may give rise to crosssuckling; however, the establishment of a strong ewelamb bond through individual penning initially after lambing reduces the occurrence of this happening in the postpartum period (Pickup and Dwyer, 2011) .
In recent years, the link between the fatty acid profile of ewes' milk and its potential influence on the fatty acid profile of their lambs' meat has become more prevalent. It has been widely stated that diet has a direct impact on the fatty acid profile of milk during lactation (Nudda et al., 2008; Joy et al., 2014) ; however, there is minimal research investigating the fatty acid content of ewes' colostrum and the influence of prepartum diet on the fatty acid profile of ewes milk in early lactation (De La Fuente et al., 2009; Joy et al., 2014) . According to Stoop et al. (2009) , there are 4 primary pathways from which milk fatty acids are derived, namely the diet, the mammary gland (de novo synthesis), the rumen (biohydrogenation, bacterial degradation, and synthesis), and body fat mobilization. Therefore, altering the activity of one of these pathways can result in a change in fatty acid composition. The effect of prepartum energy treatment on ewe estimated milk yield. Treatments: 80 (80% ME), 100 (100% ME), or 120% (120% ME) of metabolic energy requirements according to the Agricultural and Food Research Council (1993) and amended by Robinson et al. (2002a) . Asterisk (*) indicates significant difference between 80 and 120% ME on wk 3 of lactation (P = 0.05). Least squares means ± SEM are presented.
In the present study, the elevated levels of SCSFA and MCSFA seen in the colostrum of ewes offered the excess dietary treatment are consistent with the elevated body condition of these ewes at lambing. Shortand medium-chain fatty acids are synthesized "de novo" by the mammary gland and are associated with a reduction in body fat mobilization (Garnsworthy and Huggett, 1992) . These data are consistent with that of Gross et al. (2011) , where levels of both shortand medium-chain fatty acids decreased in dairy cows suffering from excessive body fat mobilization. Furthermore, in the present study, during the early postpartum period, the lowest level of BCS was observed in ewes offered the restricted energy treatment and in agreement with the above increased levels of SCFA that were observed in the milk of these ewes.
Long-chain fatty acids (C18:0 through C22:0) are taken up by the mammary gland from lipids circulating in the blood, originating from either absorption in the small intestine or body fat mobilization (Nudda et al., 2014 ). In the current study, the greatest level of BCS loss in early lactation was observed in ewes offered the excess dietary treatment prepartum. Therefore, in accordance with previous work performed by Pulina et al. (2006) , it can be stated that this greater degree of body fat mobilization resulted in the increased percentage of LCSFA, MUFA, and PUFA in the milk of these ewes.
In conclusion, ewe milk production is one of the primary factors driving lamb growth rate in the early postpartum period. Applying a moderate restriction to twinbearing ewes in late gestation (final 4 wk) negatively impacted ewe milk production, which potentially can lead to compromised lamb growth. Therefore, improving ewe nutrition in the late gestational period improves both colostrum and estimated milk yield while minimally affecting ewe performance. However, investigating the impacts of a more severe restriction or heavily increasing the level of ME offered to the ewe in the final 4 wk of gestation is merited.
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